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In Saccharomyces cerevisiae intron-
containing pre-tRNAs are exported
from the nucleus to the cytoplasm for
removal of the introns, and the spliced
tRNAs are returned to the nucleus for
reasons that are not understood. The
re-imported spliced tRNAs are then sub-
jected to aminoacylation in the nucleolus
to ensure that they are functional prior
to re-export to the cytoplasm. Previous
studies have shown that re-imported
spliced tRNAs and mature tRNAs made
entirely in the nucleus from intronless
precursors are retained in the nucleus
of S. cerevisiae in response to glucose,
amino acid, nitrogen or inorganic phos-
phate deprivation. Contrary to these
studies, we recently reported that star-
vation of S. cerevisiae of amino acids or
nitrogen results in nuclear accumulation
of re-imported spliced tRNAs, but not
tRNAs made from intronless precur-
sors. This finding suggests that separate
pathways are used for nuclear export of
retrogradely transported spliced tRNAs
and tRNAs made from intronless pre-
tRNAs. In addition, the data support
the conclusion that the nuclear re-export
pathway for retrogradely transported
spliced tRNAs, but not the pathway
responsible for nuclear export of tRNAs
derived from intronless precursors is
regulated during amino acid or nitro-
gen starvation. This regulation appears
to occur at a step after the re-imported
spliced tRNAs have undergone amino-
acylation quality assurance and, in part,
involves the TORCI signalling path-
way. Moreover, it was established that
Utp9p is an intranuclear component
that only facilitates nuclear re-export of
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retrogradely transported spliced tRNAs
by the 3-karyopherin Msn5p. Utp9p acts
in concert with Utp8p, a key player in
nuclear tRNA export in S. cerevisiae, to
translocate aminoacylated re-imported
spliced tRNAs from the nucleolus to
Msn5p and assist with formation of
the Msn5p-tRNA-Gsplp-GTP export
complex. This pathway, however, is not
the only one responsible for nuclear
re-export of retrogradely transported
spliced tRNAs.

Introduction
Nuclear-cytoplasmic  trafficking  of
tRNA plays a central role in key cellular
processes such as regulation of protein
synthesis,! progression of cell cycle,*
response to nutrient availability,®® and
development of neurodegenerative disor-
ders.'® In eukaryotes, tRNAs are encoded
by intronless or intron-containing tDNA
genes. tRNAs from both classes of tDNA
genes are synthesized in the nucleolus by
Pollll-mediated transcription as precur-
sor-tRNAs, which are processed to form
functional tRNAs."! tRNA processing
involves trimming of the 5" and 3" exten-
sions, elaborate base modifications, addi-
tion of the nucleotides C, C and A at the
3" ends, and removal of the introns from
intron-containing pre-tRNAs."" The pro-
cess of tRNA maturation in Saccharomyces
cerevisiae differs from that of mammals
in both the order and the location of the
maturation steps. While splicing occurs
before end maturation in mammals,
splicing only occurs after removal of the
5" leader and 3' trailer sequences and the

addition of the 3' CCA in S. cerevisiae."!
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Figure 1. Pathways that facilitate nuclear export of intron-containing pre-tRNAs and nuclear re-export of retrogradely transported spliced tRNAs in
S. cerevisiae. Genetic studies suggest that nuclear export of intron-containing pre-tRNAs is facilitated by Los1p (I) and an unidentified nuclear export
receptor (Il) (A). Upon completion of tRNA splicing in the cytoplasm, the spliced tRNAs are returned to the nucleus possibly by Mtr10p for reasons that
are not understood (B). The re-imported spliced tRNAs are aminoacylated in the nucleolus and re-exported by at least three pathways named Utp9p-
dependent and Msn5p-dependent (1), Utp9p-dependent and Msn5p-independent (Il) Utp9p-independent and Los1p-dependent (l1l) (C).

Moreover, in S. cerevisiae, splicing occurs
in the cytoplasm, since the components
of the splicing machinery are located
on the surface of the mitochondria, and
not in the nucleus like in mammals and
plants.”*'® Hence, while the maturation
of tRNAs derived from intronless pre-
tRNAs occurs completely in the nucleus
of S. cerevisiae,' pre-tRNAs containing
introns have to exit the nucleus to undergo
splicing in the cytoplasm. Interestingly,
upon completion of splicing, the spliced
tRNAs are returned to the nucleus for
reasons that are not understood, and are
then re-exported to the cytoplasm.””
As is the case for fully processed tRNAs
made in the nucleus from intronless pre-
tRNAs, the re-imported spliced tRNAs
undergo a final quality control step of
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aminoacylation in the nucleolus to ensure
that they are functional prior to re-export
to the cytoplasm for participation in pro-
tein synthesis (Fig. 1)."%2

The mechanism responsible for nuclear
export of intron-containing pre-tRNAs
is not entirely understood. Loslp, which
is one of the nuclear tRNA export recep-
tors in S. cerevisiae appears to be an export
receptor in this pathway, as nuclear accu-
mulation of unspliced pre-tRNAs was
detected in a JosI mutant strain (Fig. 1).*!
Why Loslp functions as an export recep-
tor for both mature tRNAs and intron-
containing pre-tRNAs, or how Loslp
discriminates between the two forms of
the tRNA is not known. An unknown
export receptor also facilitates nuclear
export of intron-containing pre-tRNAs,

Nucleus

since the function of Loslp is not essential
(Fig. 1).* Despite the lack of understand-
ing of nuclear export of intron-containing
pre-tRNAs, the surprising discovery that
tRNA splicing occurs in the cytoplasm
of S. cerevisiae has raised a number of
questions, such as (1) Why is tRNA
splicing occurring in the cytoplasm of S.
cerevisiae and not in higher eukaryotes?
(2) Can other yeasts carry out tRNA splic-
ing in the cytoplasm, and (3) Is cytoplas-
mic tRNA splicing unique to S. cerevisiae?
Investigation of these questions is likely to
provide insights into the evolution of the
tRNA splicing process.
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Mechanism of Nuclear Import
of Spliced tRNAs

Genetic studies using mutant strains of
proteins involved in nuclear tRNA export
or nuclear tRNA metabolism have shown
that mature tRNAs derived from intron-
containing pre-tRNAs accumulate in the
nucleus.”?*?%2 These findings led to the
intriguing possibility that spliced tRNAs
are imported back into the nucleus after
removal of the introns. Two independent
groups established that spliced tRNAs
shuttle between the nucleus and cyto-
plasm using a heterokaryon shuttling assay
and an exogenous tRNA gene containing
an intron.”"” More importantly, these data
demonstrated that spliced tRNA move
from the cytoplasm to the nucleus by a
constitutive process, and are re-exported
back to the cytoplasm. However, the
details of the mechanism responsible
for nuclear import of spliced tRNAs are
not fully elucidated. Nevertheless, stud-
ies suggest that retrograde transport of
spliced tRNAs from the cytoplasm to the
nucleus occurs by two pathways, a Ran-
independent, ATP-dependent pathway
and a Ran-GTP/GDP-dependent path-
way.”7 MtrlOp, a B-karyopherin known
to be involved in nuclear import of the
RNA component of the yeast telomerase,
appears to act as an import receptor of
the Ran-dependent nuclear tRNA import
pathway (Fig. 1).7 However, the factors
involved in the Ran-independent, ATP-
dependent nuclear tRNA import pathway
still remain elusive.

Why spliced tRNAs are returned to
the nucleus is not understood. A possibil-
ity is that they undergo further matura-
tion and quality assurance, or just quality
assurance to make sure that they are fully
fit to participate in translation before
they are exported back to the cytoplasm.
Alternatively, the nuclear tRNA import
process may be used to take improperly
spliced tRNAs back to the nucleus for
repair, or degradation by a nuclear tRNA
degradation apparatus.””” Thus, S. cerevi-
siae may use nuclear import of tRNA as
a mechanism to segregate functional cyto-
plasmic tRNAs from newly spliced tRNAs
that have not undergone the quality assur-
ance step to verify their functionality. It
is possible, however, that nuclear import
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and/or re-export of spliced tRNAs play an
unrealized regulatory role in a mechanism
used to co-ordinate the rate of protein syn-
thesis with the metabolic demands of the
cell.

Previous studies have shown that star-
vation of S. cerevisiae for glucose, nitrogen,
amino acids or inorganic phosphate results
in nuclear accumulation of re-imported
spliced tRNAs and mature tRNAs made
entirely in the nucleus from intronless

7824 Tn contrast to these stud-

precursors.
ies, we have shown recently that starvation
of 8. cerevisiae for amino acids or nitro-
gen results in nuclear accumulation of re-
imported spliced tRNAs, but not mature
tRNAs made from intronless precursors.”
This finding led us to propose that sepa-
rate pathways are used for nuclear export
of retrogradely transported spliced tRNAs
and mature tRNAs made from intronless
precursors. Moreover, the data suggest
that the nuclear re-export pathway for ret-
rogradely transported spliced tRNAs, but
not the pathway responsible for nuclear
export of mature tRNAs derived from
intronless precursors, is inhibited during
amino acid or nitrogen starvation. This
block appears to occur at a step after the
re-imported spliced tRNAs have under-
gone aminoacylation quality assurance
in the nucleolus, as retrogradely trans-
ported tRNAs have been found in the
aminoacylated form in nutrient-deprived
S. cerevisiae cells.® However, the mecha-
nism responsible for nuclear re-export of
fully functional retrogradely transported
spliced tRNAs to the cytoplasm is not
understood.

Pathways Implicated
in Nuclear Export of tRNAs

Three pathways have been implicated
in nuclear tRNA export in S. cerevisiae.
These pathways transport tRNAs through
the nuclear pore complex (NPC) by a
typical carrier-mediated process involv-
ing B-karyopherin export receptors and
the yeast RanGTPase, Gsplp. Loslp, the
orthologue of the mammalian Xpo-t,
was the first B-karyopherin shown to be
involved in nuclear tRNA export in S.
cerevisiae.”*** Although Msn5p, the ortho-
logue of the mammalian minor tRNA

29,30 1

export receptor Xpo-5,23 is known to be
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involved in nuclear export and import of
proteins in S. cerevisiae, it was implicated
in nuclear tRNA export based on the find-
ing that a losI msn5 double mutant strain
exhibited reduced efficiency of nuclear
export of tRNAs made from intronless
and intron-containing pre-tRNAs (data
not shown).” However, we recently pro-
vided biochemical evidence that Msn5p
is an authentic tRNA export receptor.”
Despite showing reduced efficiency in
nuclear tRNA export, the losl msn5
mutant strain is not compromised in
growth or viability."” This data combined
with the observation that both Loslp and
Msn5p are non-essential proteins, led to
the proposal that there exists an additional
nuclear tRNA export pathway involving
yet unidentified receptor. Utp8p is an
essential component that is common to
all the nuclear tRNA export pathways in
S. cerevisiae (Fig. 1).** This protein func-
tions as an intranuclear tRNA chaperone
that collects aminoacylated tRNAs derived
from intronless and intron-containing
pre-tRNAs from the aminoacyl-tRNA
synthetases in the nucleolus and delivers
them to the nuclear export receptors of
the three pathways by using a channelling
mechanism.*"# Furthermore, Utp8p facil-
itates the formation of the export receptor-
tRNA-Gsplp-GTP  export
Cexlp is another component that is shared
by the tRNA export pathways (Fig. 1).
Cexlp is thought to collect aminoacyl-
tRNAs from the tRNA export receptors
at the cytoplasmic face of the NPC and
channels them to the translation appara-
tus by delivering the aminoacyl-tRNAs to
the eukaryotic elongation factor eEF-1A.%
Genetic studies suggest that these path-
ways are responsible for nuclear export
of mature tRNAs derived from intron-
less precursors and re-imported spliced
tRNAs. 718202225 However, we recently
provided definitive genetic and biochemi-
cal evidence that the Msn5p-mediated
pathway is one of the pathways responsible
for nuclear re-export of retrogradely trans-
ported spliced tRNAs, and that Uep9p is a
novel component involved in this pathway

(Fig. 1).>

complex.”!
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Figure 2. LosTp facilitates nuclear re-export of retrogradely transported spliced tRNAs. BY4742
pPYX242, BYA742 pYX242-UTP8, BY4742 pYX242-CEX1 and BY4742 pYX242-LOS1 were starved of

nitrogen in synthetic medium containing glucose and all amino acids except for leucine. At the
specified times, FISH was used to monitor the cellular location of tRNA™ and tRNA®Y using Cy3-

labelled oligonucleotides described previously.?

Pathways and Components
Implicated in Nuclear Re-Export
of Retrogradely Transported
Spliced tRNAs

Utp9p is an essential nucleolar protein
that was shown previously to be part of
a sub-complex consisting of several pro-
teins of the U3 snoRNA-associated pro-
tein complex.**3¢ This sub-complex also
contains Utp8p and is involved in regu-
lating transcription of the rRNA gene.
Depletion of Utp9p was found to affect
nuclear tRNA export, but not tRNA mat-
uration and aminoacylation, or nuclear
export of mRNA and ribosomal sub-
units.”> Utp9p binds tRNA directly in a
saturable manner, but it does not func-
tion as a nuclear tRNA export receptor
or an adaptor for an export receptor, as
it does not shuttle between the nucleus
and the cytoplasm.” Surprisingly, loss of
the function of Utp9p resulted in nuclear
accumulation of mature tRNAs derived
from intron-containing pre-tRNAs, but
not those derived from intronless precur-
sors. These findings led to the suggestion
that Utp9p is an intranuclear component
of the pathway responsible for nuclear re-
export of retrogradely transported spliced

tRNAs (Fig. 1).% Utp9p

Moreover,
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interacts in vivo and binds directly in vitro
with components of the nuclear tRNA
export machinery such as Utp8p, the
nuclear export receptor Msn5p and Gsplp
in the GTP bound form. However, unlike
Utp8p, Utp9p did not interact with the
nuclear tRNA export receptor Loslp or
aminoacyl tRNA synthetases.?” This find-
ing suggests that Utp9p facilitates Msn5p-
mediated nuclear re-export of retrogradely
transported spliced tRNAs, and functions
in concert with Utp8p in translocat-
ing aminoacylated re-imported spliced
tRNAs from the nucleolus to Msn5p in
the nucleoplasm (Fig. 1).2 Moreover, bio-
chemical evidence suggests that Utp9p
plays a more important role than Utp8p
in the formation of the Msn5p-Gsplp-
GTP-tRNA export complex in vivo.”
However, the mechanism by which Utp9p
assists with formation of the export com-
plex is not understood. Based on in vitro
protein interaction data, we surmised that
both Utp8p and Utp9p bound to amino-
acylated re-imported spliced tRNA inter-
act with Msn5p; Utp9p then interacts
with Gsplp-GTP to recruit it to Msn5p,
allowing Msn5p to bind the tRNA. Gsplp
interacts with Utp8p to facilitate release of
the tRNA and dissociation of Utp9p and
Utp8p from the export complex.

Nucleus

These studies demonstrated that
Utp9p, Utp8p, Msn5p and Cexlp, which
has been shown to co-purify with Msn5p,*
constitute a pathway that is responsible for
nuclear re-export of aminoacylated retro-
gradely transported spliced tRNAs (Fig.
1).” However, it is likely that other compo-
nents are involved in the Utp9p-mediated
nuclear tRNA re-export pathway because
Msn5p and Cexlp are non-essential pro-

teins.!”¥

Since Utp9p is an essential
protein and affects nuclear re-export of
spliced tRNAs whereas no effect on tRNA
export is detected in a 7575 mutant strain,
it is likely that Utp9p facilitates nuclear
re-export of retrogradely transported
spliced tRNAs by another export receptor.
However, the identity of the tRNA export
receptor and components of the Utp9p-
dependent, Msn5p-independent nuclear
tRNA re-export pathway is not known
(Fig. 1). Loslp is unlikely to be this recep-
tor, as Utp9p does not interact with Loslp
in vivo or in vitro.”

While the function of Loslp is not
essential, studies have shown that deple-
tion of Losl1p resulted in reduced efficiency
of nuclear export of tRNAM, t(RNA" and
tRNA"", which are derived from intron-
and tRNAMe

made from intronless precursor.?>*>% This

containing pre-tRNAs,

suggests that Loslp could also be involved
in nuclear re-export of retrogradely
transported spliced tRNAs. To test this
possibility, we investigated whether over-
expression of Losp restores nuclear export
of tRNA" in S. cerevisiae starved of nitro-
gen (Fig. 2). The BY4742 wild type strain
harbouring pYX242, pYX242-UTP8 or
pYX242-CEX1 starved of nitrogen over
a 1.5 h period retained tRNA"" in the
nucleus. In contrast, nitrogen starvation
of BY4742 cells overproducing Loslp did
not accumulate tRNA"" in the nucleus,
indicating that overexpression of Loslp
restored nuclear re-export of tRNA™.
Western blot analysis of the same amount
of total cell extract, based on actin levels,
confirmed that the proteins were overex-
pressed (data not shown). These data sug-
gest that Loslp can also facilitate nuclear
re-export of retrogradely transported
spliced tRNAs, and constitute a Utp9p-
independent, Loslp-dependent nuclear
tRNA re-export pathway. Whether a
protein with similar function to Utp9p is
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involved in the Loslp-dependent pathway
is not known. An uncharacterized path-
way also facilitates nuclear re-export of
retrogradely transported spliced tRNAs,
as loss of the function of both Msn5p
and Loslp has no effect on cell growth or
viability. Thus, there appears to be at least
three pathways responsible for nuclear re-
export of retrogradely transported spliced
tRNAs. However, the relative contribu-
tion of each pathway to the re-export of
retrogradely transported spliced tRNAs is
not known. The identification and char-
acterization of the components of the
unknown nuclear tRNA re-export path-
way will help to address this issue.

The TORC1 Signalling Pathway
Regulates Nuclear Re-export of
Retrogradely Transported Spliced
tRNAs, but not Nuclear Export
of tRNAs made from Intronless
Precursors

Nutrient stresses such as glucose, amino
acid and nitrogen deprivation have been
shown by others to cause nuclear accu-
mulation of mature tRNAs derived from
both intronless and intron-containing pre-
tRNAs in S. cerevisiae.”** Furthermore,
it was demonstrated that a reg/ mutant
strain did not accumulate spliced tRNA™"
in the nucleus during glucose starvation.®
In contrast, S. cerevisiae treated with
rapamycin, which inhibits the rapamycin-
sensitive kinase TOR, resulted in loss of
nuclear accumulation of tRNA™" during
amino acid starvation.® These findings
suggest that the Snfl protein kinase sig-
nalling pathway regulates nuclear import
of cytoplasmic tRNAs made from both
classes of pre-tRNAs in the absence of
glucose whereas the TOR pathway is
involved when cells are starved of amino
acids. Thus, it was proposed that nuclear
import of cytoplasmic tRNAs made from
intronless and intron-containing pre-
tRNAs plays a key role in nutrient-related
regulation of gene expression and cell
division.”®* Contrary to previous stud-
ies,”® we have shown that amino acid or
nitrogen starvation of S. cerevisiae blocks
nuclear re-export of retrogradely trans-
ported spliced tRNAs, but not mature
tRNAs made from intronless precursors.”
Our study, in contrast to previous reports,®
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Figure 3. The TORC1 signalling pathway regulates nuclear re-export of retrogradely transported
spliced tRNAs, but not nuclear export of tRNAs made from intronless pre-tRNAs. The S. cerevisiae
TB50a strain was treated with drug delivery solution (90% ethanol and 10% Tween 20) with or
without 200 ng/ml rapamycin in YPD medium for the times indicated and FISH was used to moni-

tor the cellular location of tRNA™ and tRNASY,

suggests that S. cerevisine does not ret-
rograde cytoplasmic spliced tRNAs and
tRNAs made from intronless pre-tRNAs
in response to amino acid or nitrogen
starvation.” Instead the data suggest that
the pathway responsible for nuclear re-
export of retrogradely transported spliced
tRNAs, but not nuclear export of tRNAs
made from intronless pre-tRNAs, is sub-
jected to regulation in response to amino
acids or nitrogen stress.”

The TORCI signalling pathway plays
a key role in controlling cell growth and
division in response to a number of exter-
nal stimuli, including nitrogen avail-
ability.”” Consequently, we investigated
whether TORCI is involved in regulating
nuclear re-export of retrogradely trans-
ported spliced tRNAs. For this analysis,
we used FISH to monitor the cellular
location of mature tRNA™", a tRNA made
from intron-containing pre-tRNA, and
tRNASY, which is made from intronless
pre-tRNA, during rapamycin treatment.
Inhibition of the S. cerevisize TORCI1 by
rapamycin simulates nitrogen starvation,
and causes the cells to downregulate ana-
bolic processes and upregulate catabolic
and growth-inhibitory processes by a vari-
ety of mechanisms. Thus, the cells stop
growth and enter a G -like state. While

Nucleus

previous studies have shown that rapamy-
cin treatment does not affect nuclear
tRNA export in fed cells,® we found that
exposing S. cerevisiae cells to rapamycin
for 45 min to 1 h resulted in nuclear accu-
mulation of mature tRNA™", but did not
affect the distribution of mature t(RNASY
(Fig. 3). Treatment of cells with the drug
delivery solution did not affect nuclear
export of tRNA"" and tRNA®Y. In addi-
tion, tRNA" was found primarily in
the cytoplasm in a rapamycin-insensitive
TORCI mutant strain treated with the
drug delivery solution with or without
rapamycin (data not shown). These find-
ings suggest that the TOR signalling path-
way is responsible for the regulation of the
nuclear re-export of retrogradely trans-
ported spliced tRNAs in S. cerevisiae cells
in response to nitrogen availability.

To ascertain whether nuclear reten-
tion of re-imported spliced tRNAs dur-
ing rapamycin treatment is due to a
block in nuclear tRNA aminoacylation,
northern blot analysis was used to moni-
tor the aminoacylation status of tRNA™"
in rapamycin-treated S. cerevisize. We
found that both nuclear and cytoplasmic
tRNA"" remained aminoacylated after
treatment with rapamycin (Fig. 4). This
result is consistent with previous studies
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showing that retrogradely transported
spliced tRNAs that accumulate in the
nucleus of cells starved for amino acids are
also aminoacylated.®* Moreover, we have
shown that the re-export defect observed
in cells depleted of Utp9p was not due to
impaired nuclear tRNA aminoacylation.
Taken together, these results indicate that
rapamycin-inhibition of TOR  signal-
ling, like nitrogen deprivation, affects the
nuclear re-export pathway for retrogradely
transported spliced tRNAs at a step after
the tRNAs have undergone aminoacyla-
tion quality assurance. However, further
studies are required to understand how
the TOR signalling pathway regulates
nuclear re-export of retrogradely trans-
ported spliced tRNAs, and to ascertain
whether TOR plays a role in regulating
nuclear export of mature tRNAs made
from intron-containing pre-tRNAs in
metazoans.

Concluding Remarks

Nuclear re-export of retrogradely trans-
ported spliced tRNAs is facilitated by
at least three pathways termed Utp9p-
dependent and Msn5p-dependent, Utp9p-
independent  and  Loslp-dependent,
and  Utp9p-dependent and Msn5p-
independent. These pathways share com-
ponents and nuclear export receptors that
are required for nuclear export of mature
tRNAs made from intronless pre-tRNAs.
However, the nuclear re-export pathways
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for retrogradely transported spliced
tRNAs appear to be segregated from the
pathways required for nuclear export of
mature tRNAs made from intronless pre-
tRNAs by utilizing novel components to
select mature re-imported spliced tRNAs
for re-export. Why the nuclear tRNA
re-export pathways are partly separated
from those that facilitate nuclear export of
mature tRNAs made from intronless pre-
cursors is not understood. Another fasci-
nating finding from our studies of nuclear
tRNA exportin S. cerevisiae, is the specific
regulation of nuclear re-export of retro-
gradely transported spliced tRNAs, but
not nuclear export of mature tRNAs made
from intronless precursors in response to
amino acids or nitrogen availability, and
inhibition of the TORCI signalling path-
way using rapamycin. In addition, we have
established that regulation of nuclear re-
export of retrogradely transported spliced
tRNAs is not due to mislocalization of
Msn5p or Loslp to the cytoplasm when
the cells are starved of nitrogen or amino
acids or by treatment with rapamycin to
inhibit TOR (unpublished data). It is pos-
sible that the activity of the nuclear tRNA
export receptors, in part, is subjected to
regulation, since overexpression of Loslp
restored nuclear re-export of retrogradely
transported tRNA"" when S. cerevisiae
is starved of nitrogen. However, why
nuclear re-export of retrogradely trans-
ported spliced tRNAs, but not nuclear
export of tRNAs made from intronless

Nucleus

precursors is regulated specifically by the
TORCI signalling pathway or in response
to amino acid or nitrogen availability is
not understood. In addition to regulation
of nuclear re-export of retrogradely trans-
ported spliced tRNAs, nuclear export of
intron-containing pre-tRNAs is subjected
to regulation by stress based on the find-
ing that chemical-induced DNA dam-
age results in a block in nuclear export of
intron-containing pre-tRNAs by retention
of Loslp in the cytoplasm.® Considering
that intron-containing tRNAs comprise
only 25% of the total tRNAs, regulation
of their nuclear transport and processing
in response to stress is both unanticipated
and intriguing. Studies aimed at identify-
ing and characterizing the components
involved in nuclear export of intron-
containing pre-tRNAs and re-export of
retrogradely transported spliced tRNAs
will undoubtedly provide valuable insights
into the significance of the regulation of
the of

intron-containing tRNAs in cell growth

nuclear-cytoplasmic  dynamics

and division.
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